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( i ) 
"Sntrodnctim 
Plant seeds are renewable potential raw material sources which provide a 
large number of industrially useful products. Some of these products such as oils 
and fats and proteins have greater importance due to their food and nutritive 
values. The plant seeds have assumed world wide importance due to the shortage of 
food proteins and oils. It is expected that plant materials especially seeds 
could play an injportant role in supplying these materials for edible and nonedi-
ble industrial uses. 
In recent years proteins have been increasingly in need of food materials. 
In developed countries tremendous amounts of plant proteins are being used in 
various food products after suitable processing. Unfortunately in our country 
seed proteins finds very limited use, mainly because of the lack of research 
and the expensive processed protein. Lentils and pulses are widely cultivated 
for the production of edible seeds that are generally termed legumes or grain 
legumes. The legumes contribute about one-fifth of the total world production 
of plant protein. In many developing countries, the legumes and cereals are 
potentially protein-rich food resources and found to be dietary protein source: . 
On the bases of a servey made by National Academy of Science, U.S.A., legumes 
deserve special consideration as alternative food resources for the future. 
Several lipid rich legumes, such as winged bean (Psophocarpus tetragonolobus; 
16-20% lipid and 34-38% protein) and lupin (lupinus mulabilis; 14-24% lipids 
and 45-50% protein) have great potential as oil seed crops of the future. 
The legumes, such as chickpea, groundnut, liraabean, soyabean, lentil, , 
field-bean,I pea and non-legumes oil seeds, such as sesame, rape, cotton and 
sunflower seeds have more than double the protein content of most cereal. Most 
(ii) 
of the legume species contain about 25-30% protein. The major storage protein 
of legumes are legumins (e.g. glycinine and arachin) and Vicilins (e.g. congly-
cinins and phoseolin). From nutritional point of view, the legume protein are 
in general deficient in methionine and cystine but having all other essential 
amino acid including lysine. Cereal protein are generally deficient in lysine, 
but rich in cystine and methionine. Therefore, combination of cereals and legumes 
usually provide dietary proteins having well balanced amino acid composition 
and good nutritive value. 
In general apart from proteins, plant seeds are also the major sources 
of various types of oils and fats. They provide not the edible oils, but a wide 
variety of other industrially useful oils having unique fatty acid profile. 
Various constituent fatty acids of these oils could also provide valuable oleo-
chemicals after suitable chemicals derivatizations. Thus in view of the great 
potential of plant seeds, their exploitations as a source of proteins, vegetable 
oils and fatty chemicals is of the great importance in the context of overall 
shortage of edible oils and proteins in India. 
A large number of minor or lesser known oilseeds are available abundently 
in forest areas. The development and utilization of these seeds have assumed 
great importance. Therefore, keeping in view the above objectives, the present 
work deals with preliminary work related to the estimation of protein content 
in various seeds. 
Second part of the work deals with the synthesis of heterocyclic fatty 
acid derivatives from ricinoleic acid, a major constituent acid of castor oil. 
uf seed l^roiein 
Iheoreiit^^ 
The progress in the field of protein chemistry has been 
slow but steady. Substantial progress particularly in the field 
of protein as related to nutrition, has been made; yet many 
fascinating but difficult problems aviait solution. New chemical 
and physiological methods and tools had to be developed in order 
to study the very complex structure and physicochemical 
properties of these substances. 
The term "protein" is used for a group of complex 
nitrogenous organic substances present in all protoplasm of 
vegetable and animal cells. Indeed, the name "protein" comes 
from the greek root which means to be first, (Gr.Proteios=first). 
The proteins contain carbon, hydrogen, oxygen and nitrogen. Many 
proteins also contain sulfxir, phosphorus and trace of other 
elements. The nitrogen content of most proteins is about 16% 
which makes protein the main source of nitrogen intake for 
human and animal bodies. Animal and man, therefore, depend on 
protein in the diet for the materials out of which they construct 
the complex nitrogenous substance characteristic of the species 
to which they belong. 
Proteins are involved in many biological functions including 
catalysis, regulation, transport, immunology (structure disease 
resistance), "recognition" and nutrition. The function which 
protein plays in the very life processes of living matter can not 
be overemphasized, where as carbohydrates and fats serve mainly 
as energy producers, the proteins are mainly used for the repair 
of worn and building up of a new tissue. Active tissues such 
as nerve, muscle, skin, hair, and nail consist largely of 
protein material. 
The proteins in plants as in other organismsare high 
molecular weight polymers of amino acids. Each protein has a 
specific amino acid sequence. In a simplest case a protein may 
consist of single chain of polypeptides. A polypeptide does 
not have a random form but the chain is coiled in the form of 
c<:-helix (Fig.1) and thus in turn, can fold on itself and adopt 
a particular three dimentional; shape due to the stereochemistry 
of the peptide bond. This is described as the secondary 
(pleated sheet structure) (Fig.2), tertiary (three dimentional 
structure of myoglobin) (Fig.3)» and quarternary structure of 
haemoglobin(Fig.4a). 
Proteins which contain other structural elements besides 
amino acids are classified as conjugated proteins. A simple 
conjugated protein is one Which contain a metal such as iron 
®»g« haefi (Fig^ '^ t)), copper or molybdenum complexed in its 
structure, e.g. metallo proteins (nitrate reductase, 
phenoloxidase), other conjugated proteins contain lipid 
(lipoprotein; protein of chloroplast) phosphate carbohydrate 
(Glycoprotein; barley albumin). The chromoproteins(phytochrome, 
cytochrome) have a chromophoric group attached and are colored. 
Proteins are amphoteric dipolar ion which migrate in an 
electric field and have characteristic isoelectric points. Even 
though the chain composing the backbone of the protein is 
comprised of relatively stable amide linkages, proteins are 
reactive and exhibit highly specific behaviour. Many proteins 
contain several peptide chains held together by cross linkage. 
Disulfide bonds between cysteine residues occur frequently in 
proteins, where they serve as bridges connecting different 
portions of the molecxile. An example of such disulfide bridges 
for a hypothetical molecule containing twenty amino acids, is 
shown in (Fig.5). 
Presence of disulfide links has a direct effect on the 
shape of the molecule, which in turn determines whether or not 
the molecule will function biologically. For example, the enzyme 
pancreatic ribonuclease has four disulfide linkages (Fig.6). If 
any one is broken, the shape of the molecule is altered and the 
catalytic function is lost. The hormone insulin is another 
example of a protein in which disulfide bonds play a crucial role, 
The insulin molecule is made up of two chain of amino acids 
connected via -S-S-bridges (Fig.7). Rupture of the disulfide 
links connecting the two chains causes loss of activity in the 
molecule. 
Plant proteins were at one time specifically classified 
(Osborne, 1924) on the basis of solubility properties and this 
is still a useful criterion for distinguishing different types of 
small to let solvent 
rnoloculos Dfiluf 
Pitch = 5 4 A; 3.6 amino 
acid units per turn 
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r i g . -2 The plcalcd-sheel structure (intermolecular hydrogen bonding): 
(a) parailct arrangement and (b) anliparallel arrangement 
F i g . 3 Three-dimensional structure of myoglobin, a respiratory pigment. 
The primary structure is the sequence of dots which represent the amino a( ids, ll)e 
secondary structure is the clearly visible helical arrangement down the length of the 
amino acid chain, and the tertiary structure is the folding and wr.ip|)iiig of (he ( i ia in 
into its actual conformation. 
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F i g , '• (a) A three-dimensional model of hemoglobin (the <i^ chains are while 
and the (i-chains iirc shaded)*; (b) The structure oi heme, the prosthetic Rroup re-
sponsible for carrying oxygen to tissues; the heme shown above is found in hemo-
globin, myoglobin, and most of the cytochromes 
Ammo acK) residues 
r i g . 5 Two disulfide l)onds between cysteine residues 
F i g . 6 Primary structure of pancreatic ribonuclease. Ribonuclease is an en-
zyme tnat catalyzes the hydrolysis of ribonucleic acid 
r i g . 7 Primary structure of human insulin, a hormone essential for the regula-
tion of carbohydrate metabolism. (Pig insulin has the identical structure; insulin 
from other mammals differs only in the amino acids found at positions 8, 9, or 10 In 
the A chain.) 
Reproduced from "Element of Organic Chmistry" 
Henry Zimmerman Isaak Z'immerraan, Glenco Press 
Macmillan Publishers London (1977). 
storage protein. The proteins can be separated according to 
their solubility or lack of solubility in water, aqueous acid, 
alkali and 70% alcohol. Seed proteins are still conveniently 
fractionated on the basis of differential solubility in aqueous 
solvents. Although complete separation of two protein classes 
are rarely achieved in single operation. The proteinsare also 
classified on the basis of their functions. Many proteins are 
also enzymes, they catalyze biochemical reactions as "hormones", 
they regulate the activity of various organs in the body; as 
"antigen" they invade the organism to bring it disease or even 
death, as "antibodies",they counteract the adverse effect of 
antigen. On the other hand non-enzymic protein is definitely 
known to be used either for storage purposes, particularly in 
seeds and roots, or as part of internal structure of the cell 
membrane or in the cell wall. 
The proteins are long-chain polypeptides, and peptides 
in turns are made up of amino acids. It is best to study this 
class of compounds by considering first the amino acids, which 
are the building blocks of proteins. There are more than 
200 naturally occurring amino acids, only about 20 are found in 
protein. Ten of these amino acids are essential amino acids, 
those which body cannot manufacture at all or can not produce in 
sufficient amounts to maintain good health. The requirement of 
each essential amino acid is in the range of 1 to 2 gram per day. 
They mij|st be supplied to us from an outside sources. Proteins 
8 
may or may not contain all the essential amino acids; these that 
do are called complete proteins. Casein (the protein from milk), 
for example,is a complete protein. It contains ninteen of the 
common amino acids and all of the essential ones. 2ein (corn 
protein), on the other hand, is not a complete protein, because 
it is deficient in two essential amino acids, viz. lysine and 
tryptophan. Nutritionally, it is best to eat protein from a 
variety of sources to ensure an adequate supply of the essential 
amino acids in the diet. The hydrolysis of protein can be carried 
out with the complete recovery of most of the constituent free 
amino acids. Acid hydrolysis of protein destroys most of the 
tryptophan and some of the serine and threonine, oxidizes 
cysteins to cystine, and deamidates glutamine and asparagine. 
Alkaline hydrolysis destroys serine, threonine, cystine, cysteine, 
and arginine, and also causes deamidations. 
There are relatively specific color reactions for many 
amino acids, which are still used to some extent as quantitative 
assays, and widely use as qualitative tests for the presence of 
the amino acids. 
The isolation of amino acids usually requires their prior 
45 
release in free form by acid or alkaline hydrolysis . hydrolysis 
of proteins or other polypeptides or crude extracts of plant, 
animal, or microbial materials, serve as the starting point for 
the isolation in pure form of a single amino acid. Prior to the 
application of chromatography in early 1940s, the isolation of 
an amino acid depended on slight differences in the solubilities 
of amino acid salts in various solvents and at different pH 
values. Chromatography, on the other hand, is simple, rapid and 
capable of isolating amino acids even when they are present in 
microgram quantities. Thus chromatography has been the method 
of choice for amino acid isolation ever since and was first 
applied by Martin and Synge in 1941, 
Chromatography is carried out by using either cylindrical 
glass tubes (columns) packed with a porous solid or by using 
sheets of filter paper. In the former method, the column is 
packed with any of a variety of substances such as starch, 
powdered cellulose, or cation-exchange resin and is saturated 
with the chosen solvent. A solution of amino acids is allowed to 
percolate into the top of the column and then solvent is forced 
through the column at a controlled rate. A given amino acid will 
be eluted from the column at a time depending on its own 
characteristic rate of movement. To detect their presence and 
exact quantity, a substance which reacts with amino acids to give 
a visible color is then added to each tube. The best reagent 
for this purpose is ninhydrin. 
The column method described above is capable of giving 
the most precise quantitative data and can be handled relatively 
large quantities of amino acids. However, paper chromatography 
is the simplest and rapidest procedure for the analysis of 
mixture containing only a few micrograms of each amino acid. 
10 
I t can also be used quan t i t a t ive ly . 
P lan t seeds are generally a r i ch source of prote ins as 
compared to other pa r t s of p l a n t s . Legume seeds have a high 
l eve l of pro te in content ranging approximately from 20 to 40 
percent , as compared to other sources of p lan t p ro t e in s . Their 
amino acid pa t t e rn i s close to the ideal aminogram with the 
exception of sulfur amino a c i d s . They contain a t l e a s t two or 
three more prote in than cereal grains and the amount of lys ine 
i s a lso two to three times higher in t he i r p ro te ins than in those 
'of cereal grains in which lysine i s the most l imi t ing e s sen t i a l 
amino ac id . Therefore legumes are major sources of prote ins and 
other nu t r i en t s in the d i e t s of almost a l l countr ies around 
the world. 
Pulses and soybeans, have been shown to be r i ch in 
p ro t e in s , however, t he i r contr ibut ion in a d i e t does not depend 
on i t s quanti ty alone but on i t s qual i ty as wel l . The quali ty 
of a prote in i s known to be effected by 
i ) e s sen t i a l amino acids composition 
i i ) amino acid imbalance 
i i i ) b iological a v a i l a b i l i t y of e s sen t i a l amino acids 
iv) d i g e s t i b i l i t y and 
v) in terference in prote in u t i l i z a t i o n by a n t i - n u t r i t i o n a l 
f a c t o r s . 
The amino acid composition of pulses has been widely 
2 
studied 'l I t has been observed tha t pulse pro te ins are mainly 
de f i c i en t in sulfur-containing amino acids and tryptophan but 
11 
are rich in lysine in which cereals are relatively deficient. 
Conkerton et al. have analysed three peanut cultivars (Virginia, 
red-skinned, and white-skinned Spanish) and compared as potential 
protein supplements for food uses. Peanut is one of the world 
leading oilseed crops. For economic reason, most of the U.S. 
production is classified as food grade and is processed as a 
whole, where as in other countries peanuts are processed for oil 
4 
and the residual meal is used in animal feed or fertiliser . 
Certain properties of peanuts-bland flavor and low concentration 
of flatulence-producing carbohydrates-make them more desirable 
for food suppliments than some of the plant proteins in use 
today. Conkerton e^ al, analysed sugar, sulfur, ash phosphorus, 
nitrogen, tannins and total amino acids contents of peanut. 
Adams £t al_. determined the amino acid composition of peanut 
cultivars by gas chromatography as their n-propyl-N-acetyl esters. 
7 
Anon, has introduced a new line of vegetable protein for food 
use called "Nu-Mete". It is versatile peanut protein and 
formulating this protein into such foods as a simulated tuna, 
R 
casserole, sandwich spreads, and fortified cookies. Holla e_t al. 
have also extracted protein from peanuts flour. They obtained 
protein by removing carbohydrate from flour. The protein slurry 
is neutralized and dried either in drum or spray dryer. This 
can be used in high protein biscuits, fortified atta, synthetic 
meats, bread, sterilized liquid drinks, weaning foods, high 
protein cereals, ice creams, coffee cream, toffees, whipping 
I 
agents, foaming agents, dyes, glues, tanning industries binders etc, 
12 
9 
Chayen and Ashworth invented an impulse rendering process for 
the isolation of protein from bone meal and same process >as 
later on applied to peanut for the separation of proteins. 
10 11 Cater and Mattil ' , however,of late, have applied C.F.T.R.I. 
12 (Central Food Technological Research Institute) process for 
the isolation of protein from peanut by aqueous processing. This 
protein has a bland taste, a cream color and excellent keeping 
qualities. This can be used in preparing liquid drink like 
Milpro Miltone, Vitasoy, Coffeecreamer and solid powder drink. 
It can be used in tanning industries, binders and foaming agents. 
Jelliffe and coworkers at Jamaica, Ifenafy and coworkers 
19 
at Egypt and others have done extensive work on supplimenting 
vegetable protein with essential amino acid to make them complete 
proteins. Addition to peanut, isolate of methionine, lysine and, 
to a certain extent, tryptophan, improves the quality of the 
16 protein. Hanafy £t al^ . have carried out extensive work on 
fortification of groundnut with chickpeas and soya. The 
biological value of this mixture was comparable to milk proteins. 
The cost of this mix was very low compared to milk powder and 
it could be used for mass feei(iing * . Hence, upgrading oilseed 
cakes with the intention of human feeding is both nutritionally 
22 
and economically attractive. Jones and Gerdorfe reported that 
sesame seeds are rich in both protein and oil. Later, the studies 
25 2k 
of Chartfield and Yarmanose indicated that, besides the high-
protein contents of the seeds, their nutritive value was also 
high, and amino acid composition was similar to that of the meat. 
13 
The utilization of oilseed meals as supplementary protein source 
for human consumption has received considerable attention in 
recent years. The protein contents of the sesame seed is usually 
between 19-2596, but higher and lower figure have also been 
reported * . The amino acid composition of sesame protein has 
27 28 
been reviewed by Johnson and Raymond . Guerra ejt al. have 
extracted protein from sesame seed and determined its molecular 
weight by sodium dodecyl sulfate (SDS) polyacryl amide gel 
29 
electrophoresis, Laskar and coworkers have extracted protein 
from deoiled seed of Tectona grandis Linn, (Teak seed). They 
analysed protein by Gel-filtration on Sephadex G-200 and revealed 
the presence of six components, whose molecular weights were 
determined by two comparable standard methods. The nitrogen 
30 
content of teak seed proteins was estimated by Holt and coworkers 
and hydrolysis of teak seed proteins was performed in a sealed 
31 
evacuated tube and amino acid composition was determined by 
32 
using amino acid analyzer, Shankara e_t al, have analysed the 
amino acid and minerals from Sandal seed (Santalum album Linn.). 
33 Cater e_t al^ , have isolated protein from cotton seed and found 
it to be a potential source of food protein. Cotton seed protein 
became quite widely known as a potential source of nutrients for 
human during the late 1950s and 1960s as a result of the 
34 development by Scrimshaw et aTi at the Institute of Nutrition 
of Central America and Panama, During the last 50 years a number 
of products have been developed from cottonseed which have potential 
for food use, these include defatted flours produced by cold 
14 
solvent extraction method yielded 55-60% protein. A relative 
35 
newcomer is liquid cyclone process ^(LCP) cottonseed flour which 
contain 65% or more protein, Grahm e_t al. * reported successful 
use of cotton seed protein to rehabilitate malnourished infant 
as cotton seed protein is useful for malnourished children, Joshi 
38 
and coworker have isolated protein from Cleistanthus collinus 
seed. It is found to be rich in essential amino acids particularly 
lysine (5.6%), valine (9.3%), phenyl alanine + tyrosine (11.1%), 
threonine (6.8%), and leucine + isoleucine (13.9%) and deficient 
39 in tryptophan and methionine. Jain et al_. have reported the 
amino acid composition of protein from one variety of sunflower 
seeds by the hydrolysis of protein with 6N HCl for 24 hours at 
110'C and analysis of amino acid composition by two dimentional 
descending paper chromatography. 
Bhcns£iicn^ 
In the present work, p ro te in content of non-conventional 
seeds having high o i l content i s determined with a view to 
obtain information about the i r u t i l i z a t i o n . The work deals with 
the i s o l a t i o n and est imation of pro te in and amino ac ids of the 
following seed cakes/meals: 
Moringa pterygosperma (Vern.Sahinjan), Bauhinia re tusa , 
Pongamia pinnata , Mucuna pruriens (Vern.Konch), Nymphaea nelumbo 
(Yern.Kanwal), Heliotropium eichwaldi , Acrocarpus f r a x i n i f o l i a , 
Casuarina e q u i s e t i f o l i a , Vinca rosea (Vern.Shadaphule), 
Lapidium sativum, Paganum harmala (Vern.Hurmal), Xanthium strumarium, 
Aleur i tes montanae , All the seed samplesanalysed are eas i ly 
ava i lab le in d i f fe ren t p a r t of India , 
The percentage of o i l , moisture, ash, and pro te in of 
seed meals are given i n ( t a b l e - l ) and amino acid^in ( t a b l e - 2 ) . 
The pro te ins were i so la ted from th i r t een samples of meal, 
59 
using 10% ffeCl solut ion a t pH-8.0 . The pro te in content ranging 
from 6,7 to 46,096 are given in ( t a b l e - 1 ) , which were estimated 
40-42 43 44 
by Biuret method , Previous s tudies •^* show tha t the 
seed toeals of Pongamia pinnata and Bauhinia re tusa contain 22 and 
59.36% of the p ro te in r e spec t ive ly . In the present study 
P . pinnata was found to have the same amount of pro te in as 
reported e a r l i e r , but B. re tusa was found to contain 22% of 
pro te in instead of 59,36%, Presence of good amount of pro te in in 
16 
all the samples except 10,11,12 (table-1) suggest further 
research work for their possible utilization. The seed meals of 
M. pruriens and M. pterygosperma containing 42% and 46% of total 
protein, respectively, and it could be a very good source of 
plant proteins and need detail research work. The amino acid 
composition of protein was directly determined from defatted 
45 
seed cakes. The seed cakes were hydrolysed with 6N HCl in a 
sealed tube at 120**C for 20 hours. The total acid was removed 
under reduced pressure and the residue dissolved in a small 
amount of water and neutra l ized by adding d i l u t e so lu t ion of 
ammonia and then d r ied . The residue was di lu ted with water and 
46 paper chromatographed employing descending technique on a 
Whatman no,3 paper using (n-butanol-acet ic acid-water; 12:3:5) 
as developing solvent , Amino ac ids were v isua l ized on chromatogram 
47 by spraying ninhydrin reagent and heating the paper a t 100°C 
for a few minutes, R~ values of amino acids were measured and 
compared with those of authent ic samples. The amino acids were 
iden t i f i ed as v a l i n e , i so leuc in , phenylalanine, methionine, 
l y s i n e , h i s t i d ine and arginine ( t a b l e - 2 ) . 
Material and Methods (^^^eriymnit^l 
Protein used for standard calibration Bovine Serum Albumin 
(BSA) was purchased from Sigma chemical Co., U.S.A. and the seed 
samples for the present study were obtained by staff botanists, 
under contract in various partsof the country or by purchase 
from commercial suppliers. 
Extraction of oil : 
Cleaned and dried seed samples were ground in a 
disintegrator. The powdered seeds were extracted repeatedly 
with light petroleum ether (40-60") in a soxhlet apparatus, 
and then extracted with chloroform to ensure complete removal 
of lipids. The acetone washed defatted seeds were used for 
protein analysis. 
Isolation and Estimation of Protein : 
Biuret method was used for the estimation of proteins 
from deoiled seeds. The total protein is commonly determined by 
some modification of biuret reaction in which the protein reacts 
with alkaline copper tartarate solution to give a violet color. 
The color developed by the reaction between a protein and a 
biuret reagent depends on the composition and alkalinity of the 
reagents, time, temperature of the color development and to a 
slight extent on the nature of protein. 
IS 
The deoiled seeds were washed with acetone and dried 
in air. One gram of deoiled acetone washed seeds was taken in 
a beaker containing 20 ml of 10% IfeCl (pH=8,0) and stirred for 
one hour at room temperature, then centrifuged at 5000 r.p.m. 
and the suspension was filtered through Whatman filter paper» 
Biuret solution was prepared by dissolving 4,5 gm of 
sodium potassium tartarate in 250 ml of 0,2N NaOH, and adding 
1.5 gm CuS0^,5H20, 2.5 gm KI were then added to the above 
solution and was made up to 500 ml with 0.2N NaOH. 
Three test tubes were taken. 3 ml of distilled water 
was added in the first test tube, 3 ml of standard protein 
(BSA) of known concentration was taken in the second test tube 
and 2,8 ml of distilled water followed by.0,2 ml of protein 
sample (unknown) were added in the third test tube, 5 ml of 
biuret reagent was then added in all the test tubes. The test 
tubes were kept at 37"C for 15 minutes and the intensity of the 
color was measured on a colorimeter and the amount of protein 
in gm % was calculated by using the following formula, 
- ^ x C (1) 
^ ^ g r d " s a m ^ ^ L ^ r L ^ d ? § g ^ c o n c e n t r a t i o n of s t andard 
Standard (BSA) = 0,596 
Concen t ra t ion of 
Standard = ^ ' ^^^ .^  = 7.5 gm% 
IJ 
Acid hydrolysis : 
The defat ted meals (2 gm) of each samples were hydrolysed 
with 6N HCl (10 ml) in a sealed tube a t 120*C for 20 hours. 
The t o t a l acid was removed under reduced pressure and the e lu te 
d issolve^in a small amount of water. I t was neu t ra l i sed by 
adding d i lu t e so lu t ion of ammonia and then d r ied . 
Paper chromatography : 
The mixture of amino ac ids obtained from seeds and standard 
amino acid samples were spotted on paper (Whatman no.3) with 
g lass c a p i l l a r y . The paper sheet i s then placed in a vapor t i g h t 
chamber with one edge of the paper dipping in to a solvent system 
(n-butanol ace t i c acid-water; 12 :3 :5 ) . After the development, 
the paper was a i r d r i ed . The amino acid spots were v i sua l i sed 
by spraying the paper with ninhydrin so lu t ion and then heating 
a t 70**C t i l l the colored spots appeared. The spots were iden t i f ied 
by comparing t h e i r Rx- values with the reference samples. 
Preparation of ninhydrin solution : 
Ninhydrin (500 mg) was dissolved in acetone (20 ml) and 
to t h i s 3 ml ace t i c acid was added. The so lu t ion was then 
d i lu ted with 100 ml n-butanol . 
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(Lhcoreixcixi. 
Nitrogen-containing heterocycl ic compounds are widely-
d i s t r i bu t ed in nature and are e s s e n t i a l to l i f e . They play a 
v i t a l ro le in the metabolism of a l l l i v ing c e l l s ; t he i r a v a i l a -
b i l i t y from ag r i cu l t u r a l wastes, as products v o l a t i l i s e d in 
cooking of coa l , and t h e i r economic value such as solvents dyes 
and pharmaceuticals have di rec ted the a t t e n t i o n of organic 
chemists to t h i s f i e ld since the e a r l i e s t day of science. These 
1 
ni t rogen-containing heterocycl ic compounds show spasmolytic 
and analgesic a c t i v i t i e s , and are becoming e s s e n t i a l to a 
va r i e ty of i ndus t r i e s re la ted to a lka lo ids (morphine, quinine, 
and r e se rp ine ) , hormones (heteroauxine, serotonine and 
histamine) and a n t i b i o t i c s ( p e n i c i l l i n , cephalosprin) which 
control biochemical processes of various systems. 
Out of various ni t rogen-containing heterocycl ic 
de r iva t ives , the pyrrole nucleus continue to find expression 
in many na tu ra l ly occuring compounds, on i n t e r e s t i ng example of 
which include the pyrrole a lka lo id "funebrin"-^. The pyrrole ring 
as a l a t e n t pyrrol id ine has been used to advantage in synthesis 
of 2-azabicyclo (3 ,3 ,0) octane-3-carboxylic acid which i s a key 
precursor of Angiotensin converting enzyme inh ib i to r s . 
The skeleton of pyrrole cons i s t of five membered doubly 
unsaturated heterocycle r ing with one ni trogen and four carbon 
atoms.. The pyrrole skeleton i s widely d i s t r ibu ted in natura l 
5 products"^. 
27 
The existence of pyrrole in coal t a r , bone o i l , and in 
general in products obtained by the dry d i s t i l l a t i o n of proteins 
was f i r s t surmised by Runge , when he noticed tha t a substance 
was present in the ammonia l ibe ra ted which would impart a red 
color to wood s p l i n t moistened with mineral a c id . Because of 
the f i e ry red color obtained, he cal led th i s unknown substance 
"PYRROLE", meaning f iery o i l . Although he did not know i t s 
chemical cons t i tuen ts and thought i t to be a gas . The pyrrole 
formed by the pyrolysis of pro te in stem i s mainly from glutamic 
acid res idues , which was converted to pyrrolidonecjc-carboxylic 
7 
acid on heating , followed by pyrolysis of calcium s a l t of th i s 
acid leads to pyrrole . 
A~A A r~\ ca(oH) fr\ 
0=C CH-COOH ^ yl \ ^ ii ^} 
HO NH2 ll i 
Pyrrole containing compounds were synthesized by many 
workers using d i f fe ren t subs t r a t e . 
An important pyrrole synthesis was given by Knorr and 
9 
coworkers . I t i s simply cyc l iza t ive condensation of 
of-aminoketone and p-dicarbonyl compound. «-Aminoketone i s 
usual ly prepared in s i t u , frequently by the reduction of an 
10 ('f-oximinoketone in the presence of Zn/AcOH. 
28 
Zn 
R ' C - 0 - ^ ^ - ^ R - C = 0 
R - C = N R - CH 
CH2-C00Et 
•OH •NH. (3^  
C - Me 
COOEt 
R - CO 
R - CH 
-NH / ^ 
CH-COOEt 
I 
CH- Me 
11 Knorr and lang prepared py r ro l e by r e a c t i o n of acetone and 
i s o n i t r o s o acetophenone (or amidoacetophenone) i n the presence 
12 
of HpSO,. P i l o t y syn thes i zed p y r r o l e by us ing the same 
s u b s t r a t e s i n presence of base i n s t e a d of a c i d . 
Me 
Me - CO 
- I 
CH2 COOEt NaOH 
Me H - NH2 -/> 
^y C - COOEt base 
COOEt 
Me ^ N ' ^ COOH 
13 Wasserman and Braus syn thes ized N - s u b s t i t u t e d py r ro l e from 
°c -oxidoke t one . 
OPh 
C6"5 
PhNH2/"2*^""~^ ^ ^ ° 
15 mts , 
high temp, j 
NH.Ph 
In t e rmed ia t e 
'6^5 
23 
Synthes i s of N - s u b s t i t u t e d p y r r o l e s ~ were r e p o r t e d from 
conjugated a c e t y l e n e and amines i n the presence of cuprous 
H H 
Chlor ide a t 150° . 
Ph - C ^ C - C ^ C - Ph + NH2CH2 
^ 
CuCl 
23% mol 
c o t a l y s t CH2 
^^ 
.17 Reppe synthesized pyrrole from acetylene, formaldehyde and 
ammonia. 
HCSCH + CH2O •^ 0HCH2-C^C-CH20H + NH^  
"// W 
T 
H 
18 Sever in and coworkers syn thes i zed 2-phenyl p y r r o l e from 
acetophenone and B-dimethyl amino n i t r o e t h y l e n e . 
Ar - C - Me + Me2N - CH = CHNO2 Ar -
0 
il 
c CH = CH - CH2NO2 i 
(X Ph 
30 
19 
Poehlmami, e_t al^. syn thes ized 2 , 3 - d i s u b s t i t u t e d p y r r o l e from 
ketone and hydrazone. 
R - CHo - C 
II 
0 
R^ + 0 = CHCH = 
/Me 
N-N( 
Me 
R 1 
HC=C' 
^^y ^C - R^  
M e ^ I' 
^N 0 
Me' 
R 1 
Na2S204 
o r 
H 
•R 
20 F ischer and Fink have prepared p y r r o l e from 2 ,4 -pen tad ione 
21 
and g l y c i n e e t h y l e s t e r . Chong et a l f u r t h e r syn thes i zed 
p y r r o l e from B-ke toes t e r and g lyc ine e s t e r i n the presence of 
s t rong b a s e . 
R - C - CH, - C - OR' + H^N - CH^ - C - OEt II 2 if 2 2 I 
0 0 0 
H 
-C - OR' 
,C>^N - CH^ - C - OEt 
R.-^ 1 2 I) 
" H 0 
-> 
OOEt 
An impcprtant s y n t h e t i c and b i o s y n t h e t i c rou t e to p y r r o l e , 
i s the r e a c t i o n of 1 ,4 -d ica rbonyl compound with ammonia or 
31 
amine was given by paal-^JOiorr , The intermediate Y-amino-
23 ketone v^ as i so la t ed by performing the react ion in dry ether 
a t O^C, 
R - CH - CH - R' 
P h - CO CO-Me 
R R' 
/ / 
• > C COMe 
Ph NH. 
R - C 
II 
/ ^ 
Ph 'mir-
CH 
I 
CO 
R ' 
Me 
R - C 
->-
Me NH. 
CH 
I 
CO Ph 
Intermediate 
24 Knorr has a l so synthesized pyrrole from hydroxyl amine. 
25 Blaise has used phenyl hydrazine in synthesizing 
N-substi tuted pyr ro le . This can a lso be synthesized by using 
p-n i t roa J i i l ine in the presence of cone. HCl. Another react ion 
27 
was carr ied out by Broadbent, e_t al^, in the presence of 
pQ 
t i tanium te t rach lo r ide afforded same product. Wasley and 
coworkers adopted the Knorr method in synthesizing pyrrole from 
29 tetrahydrofuran and primary amine. Jones e^ al^» a lso adopted 
the Knorr method in pyrrole synthesis by using subs t i tu ted 
hydrazine. Leikenjie e t al_. have synthesized subs t i tu ted pyrrole 
by the reac t ion of 1,4-dicarbonyl f a t t y acid with ammonium 
carbonate in the presence of TiCl, as acid c a t a l y s t . 
3a 
COR' COR 
• > 
R"' a 
Me Me 
CH, - CH 
I ^ I 
COR" COR' 
m^ 
• ^ 
TiCl . R" JG R' 
1 
Biologically active pyrrolic compound (N-phenyl-5-
oxy-subst i tuted pyrrole) was prepared by condensing 1,4-diketone 
with subs t i tu ted amine. 
0 
II 
EtO - C - CHo -
0 
II 
CH - C 
J 
C = 0 
I 
OEt 
- Me 
p - R \ \ / / - ^ 2 
// V 
t)H ^N. 
COOEt 
Me 
R 
. _2 
Gaodeng xexiao a lso synthesized b io logica l ly ac t ive pyrrole 
by the following route 
BZ 
BZ 
I 
Ph - CH2CH2 - CH - CH2 - Ph ••O NH2 — > Ph '/ \ N- Ph 
R 
33 
31 Suzuki e_t al_, have given a unique method of the synthesis of 
pyrrole by candensing alkyl isocyanoacetate with aldehyde in 
2:1 ratio. 
COOEt 
RCH = 0 + CNCH2C02Et C = CHR 
CN - CH - C02Et 
COOEt 
COOEt 
-HCN H 
R 
p j / ^COOEt 
32 A new method of pyrrole synthesis was reported by Mayer e t a l » 
involving the condensation of enamine with n i t roa lkane . 
RO^C . / H H. ^^_ 
II + 11 
R NH H ^ N O , 
R 
COOR R 
/ V 
R \ j ^ / H 
I 
R' 
RO2C 'CH 
R" 
CH2NO2 
R ^ N H 
COOR R^  
- " 2 ^ 2 ^ ^ N ^ ^N(OH) , 
R' 
3«i 
33 
Barluenga and coworkers have synthesised the subs t i tu ted 
py r ro l e , by condensation of enamine with glycine e s t e r 
hydrochloride 
R 
> ^ 
C 
R' 
1 f.,.., 3 C =• NR' „3 ^C - NHR 
c 
r 
R ^ ^NH2 R"^  ^NH 
+ NHo- CHo - C - OEt.HCl 
-2 2 ^ 
3 I o2 
COOEt 
34 Br ikner e_t a l . have syn thes ized 2 - ( t r i c h l o r o a c e t y l ) p y r r o l e 
which was s u c c e s s f u l l y converted tD4-cyanopyrro le , by 
condensing p y r r o l e with t r i c h l o r o a c e t y l c h l o r i d e . 
)9isctxs!StiXnl 
In view of the importance of pyrrole r ing and in 
cont inuat ion of our work on the synthesis of heterocycl ic f a t ty 
acid de r i va t i ve s , the present work describes the r e s u l t s of 
successful attempt made to introduce pyrrole r ing in f a t ty acid 
chain by condensing 1,4-diketo f a t t y acid with d i f fe ren t amides. 
Preparation of 9t12-dioxooctadecanoic acid ( I I ) 
9»12-dioxooctadecanoic acid was prepared by the reac t ion 
of 12-hvdroxv-cis-9-octadecenoic acid ( I ) with mercuric aceta te 
followed by ^ones oxidation of the resu l t ing adduct. 
CH^  - (CH2)5 " ^" " ^^2 - CH = CH - (CH2)y - COOH 
OH 
( I ) i ) Hg (0Ac)2/ H2O/ Acetone 
^ i i ) Jone 's reagent 
CH3 - (CH2)2 " ff " ^^"2^2 " ff " ^^"2^7 • ^ ° ° " 
0 0 
( I I ) 
The diketo acid ( I I ) melted a t 94-95 **C and gave DNP t e s t 
for 0X0 function. I t s IR (KBr, cm ) spectrum displayed bands 
a t 1692 and 1700 for i so la ted 0x0 functions and acid carbonyl 
r e spec t ive ly . The H -NMR (CDCl^,, S) spectrum exhibited a 
c h a r a c t e r i s t i c s ignal for the four protons of the two methylene 
3G 
groups sandwiched between the two oxo func t ions a t 2 . 6 7 , 
s [4H, C0-(CH2)2-C0-J . A s i g n a l fo r s ix p ro tons of th ree 
methylene groups to oxo group and carboxyl func t ion observed 
a t 2 , 3 0 , m [ 6 H , 2 X CO-CH2 and CHg-COOH] . Besides these , o the r 
s i g n a l s commonly a s s o c i a t e d with f a t t y ac id chain were a l s o 
observed . The 1,4-dioxo a c i d ( I I ) was c h a r a c t e r i z e d as 
9 ,12-d ioxooc tadecanoic a c i d . 
1 , Reaction of 9,12-dioxooctadecanoic a c i d with acetamlde 
Equimolar amounts of 9,12-dioxooc: tadecanoic a c i d ( I I ) and 
acetamide i n benzene were r e f l uxed i n the presence of c a t a l y t i c 
amount of pa ra to luene su l fon i c a c i d (p-TSA)• Af te r 6 hrs 
the r e a c t i o n mixture was worked-up and s i l i c a g e l column 
chromatography a f forded produc t ( I I I ) a s an o i l . 
R - CO - CH2CH2 - CO- R' 
( I I ) t 
i ) CH3CONH2 
\|/ i i ) Benzene/p-TSA 
R'= -(CH2)-C00H 
( I I I ) 
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Characterizat ion of compound ( I I I ) 
The IR ( n e a t , cm ) s p e c t r a d i sp layed bands a t 3200 
(COOH), 3100 weak, 1535 (C-H, p y r r o l e r i n g ) 1720 (-COOH) and 
1680 (NCO-CH^)» UV (methenol , nm)showed a b s o r p t i o n band a t 
206 fo r s u b s t i t u t e d p y r r o l e r i n g . I t s H''-NMR (CDCl^ ,d ) showed 
s i g n a l s a t 9 . 8 5 , br s (1H, -COOH), 5 .84 sharp s (2H, r i n g 
methine p r o t o n ) , 2 . 7 0 , m (AH, 2XCH2,octo r i n g ) , 2 . 5 5 , s (3H,CH^C0), 
2 . 3 5 , m (2H, CH2COO), 1.26, br s [ 18H, -(CH2)gJ , and 0 . 9 5 , d i s t . 
t (3H, Cli3). 
The mass spectrum of the compound gave conc lus ive 
in fo rma t ion r ega rd ing the s t r u c t u r e of py r ro l e ( I I I ) . I t s mass 
spectrum showed molecular ion peak a t m/z 335 (M*, 2 ) , The 
o t h e r prominent mass fragments were observed a t m/z 293 
[ M - C H 2 C 0 , 2 . 9 ] , 292 [ M - C H 3 C 0 , 4 . 2 ] , 263 [ M-(CH2)4-CH3, 1 .3 , 
B-c leavage] , 222[ 293-(CH2)4-CH3,3.8] , 206[ M-(CH2)5-C00H, 
2 . 6 , p - c l e a v a g e ] , 164[ 293-(CH2)6-C00H,12.2] , 135 
[206-(CH2)4-CH3, 1 , 5 ] , [60 McLafferty ion] , 43[ CH^CO) .C^Hy^ ,3 .4 ]^ 
On the b a s i s of above s p e c t r a l c h a r a c t e r i s t i c s , the compound 
( I I I ) was c h a r a c t e r i z e d a s 1 - a c e t y l - 2 ( 8 ' - c a r b o x y o c t y l ) 5 - h e x y l -
p y r r o l e . 
2 , Reaction of 9,12-dioxooctadecanoic a c i d ( I I ) with benzamide. 
C y c l i z a t i o n of ( I I ) with equimolar amounts of benzamide 
i n b o i l i n g benzene and p-TSA under s i m i l a r c o n d i t i o n a s desc r ibed 
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earlier gave brown oily product, which on purification by silica 
gel column yielded product (IV). 
R - C0-(CH2)2-C0-R' 
( I I ) 
'^ O CONH, 
i i ) Benzene/p-TSA 
R=-(CH2)5-CH^ 
R'=-(CH2)7-C00H 
(IV) 
Scheme 2 
Characterization of oily compound (IV); 
The IR (neat, cm ) spectrum of compound (IV) gave 
diagnostic bands at 3200 (COOH), 3100 weak, 1535 (C-H, pyrrole 
ring), 1720 (-CO-OH), 1675 (NCO-C^H^), 1607 and 790 (mono-
substituted benzene). The UV spectrum of the compound (IV) 
showed a characteristic absorption band at 235 nm of pyrrole ring, 
The H''-NMR (CDCl,,i) spectrum gave signals at 7.54, m (5H,C^I^), 
5.78, s (2H,ring - CH= ), 2.45 and 2.22, br m (6H,octo ring 
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methylene and to - COOH), 1 .3 , br s (-CHp-chain methylene) and 
0 . 9 5 , d i s t . t (JH-^CH^). 
Fu r the r suppor t i n favour of s t r u c t u r e (IV) came from 
MS a n a l y s i s and confirm the s t r u c t u r e by showing molecular 
ion a t m/z 397 (M* , 1 .8 ) . Other f ragmentat ions ion were observed 
a t m/z 396 (M-1, 6 , 0 ) , 293 (M-COC^H^, 1 .5 ) , 292 (M-COC^H^,2.9), 
268[ M-(CH2)5-C00H, 1.0, p-c leavage ] , 267 (312-COOH, 3 . 7 ) , 
222[ 293-(CH2)^-CH^,2.3] , 197 [268-(CH2)4-CH3,1 ] , 165 
[293-(CH2)5-C00H-H, 7.o] , 164[ 293-(CH2)5-C00H, 3.o] , 105 
(M-292, 100) base peak. On the b a s i s of these e v i d e n c e s , the 
compound (IV) was c h a r a c t e r i z e d a s 1-aroyl -2 ( 8 ' - c a r b o x y o c t y l ) 
5-hexyl p y r r o l e . 
3 . Reaction of 9f12-dioxooctadecanolc ap id with u r e t h a n e . 
Equimolar amounts of 9 ,12-d ioxooc tadecanoic ac id ( I I ) 
and ure thane on r e f l u x i n g i n benzene with c a t a l y t i c amount of 
p-TSA af forded an o i l y compound (V) on column chromatographic 
p u r i f i c a t i o n . 
R - C O - (CH2)2 - CO - R' 
( I I ) i ) H5C2O-CO-NH2 
i i ) Benzene/p-TSA 
R=-(CH2)5-CH^ 
R' —(CH2)7-C00H 
(V) 
Scheme 3 
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Characterizat ion of compound (V); 
I t s IR (nea t , cm ) spectrum showed bands a t 3200 (COOH), 
3100 weak, 1535 (C-H p y r r o l e r i n g ) , 1740 {C^^^QOO) and 
1715 (COOH). UV spectrum of the compound (V) showed 
c h a r a c t e r i s t i c a b s o r p t i o n maxima a t 222 nm fo r N - s u b s t i t u t e d 
p y r r o l e . The H -NMR ( C D C l , , o ) spectrum d i sp layed c h a r a c t e r i t i c 
s i g n a l s a t 8 . 8 3 , br (1H, COOH), 5 .78 s h a r p , s (2H, methine p ro ton , 
-CH=), 4 . 3 , q (J=4H2, 2H, 0CP^-CH3), 2 . 6 3 , m ( 4 H , C C - m e t h y l e n e ) , 
2 . 2 , m (2H, CH2-COO), 1 .23 , br s [ 18H, - ( C H 2 ) g - ] , 1 .18, t 
[3H, (CH2-CH,), merged in p a r t wi th the cha in CKu] and 0.85 
d i s t , t (3H, -CH3). 
Mass spectrum gave the f u r t h e r suppor t i n e l u c i d a t i o n 
of the s t r u c t u r e of compound (V) . The molecular ion peak was 
observed a t m/z 365 (M^, 1 0 . 5 ) , 364 (M-1, 36*4), 307 (M-OCOCH2, 
6 . 4 1 ) , 295 (M-C5H^Q, 5 2 . 6 ) , 294 (M-C^H^^, 2 2 . 9 ) , 25o[ M-(CH2)5 
-COOH, 1 2 . 8 ] , 2 3 7 [ M-(CH2)5-C00H+H, 3 3 . 3 ] , 236 [ M-(CH2)5-C00H, 
100] base peak, 22 l [ (236-CH3, 1 5 . 3 ) , ] 191 (236-COOH 1 2 . 8 ) , 
179[ 250-(CH2)4-CH3, 4 . o ] , 178[ 307-(CH2)5-C00H, 1 5 . 3 ] , 
165L 250-(CH2)5-CH5, 17.9] and 163 (I78-CH3, 4 1 . 0 2 ) . These da ta 
sugges ted the p roduc t (V) a s 1-carboethpxy - 2 ( 8 ' - c a r b o x y o c t y l ) 5 -
hexyl p y r r o l e . 
Sm^miM^ 
All melting points were taken on Koflar apparatus and 
are uncorrected. Infra red (IR) spectra were recorded on a 
Pye-Unicam SP3-100 spectrophotometer usual ly as Nujol mulls , 
neat or thin film between KBr discs and values are expressed 
in cm . UV spectra wei^ e run in methanol on Pye Unicam PU8800 
spectrophotometer the values expressed in nm. Nuclear magnetic 
resonance (H -NMR) spectra were recorded on var ian A60 (60 MHZ) 
spectrometer. Chemical s h i f t are recorded as o(ppm) r e l a t i v e 
to tetramethyl s i lane (TMS), using 10-15% sample solut ion in 
CCl- or CDC1,« The abbreviat ions s , d, m, br , and t denote 
s i n g l e t , doublet , mul t ip le t , broad and t r i p l e t r e spec t ive ly . 
Mass spectra (MS) were measured with a JE0L-JMS-D300 mass 
spectrometer a t 70 ev. 
Solvents and Reagents : 
Reagents and solvents used were of E.Merck grade. The 
solvents were d i s t i l l e d and dried before use . 
Thin layer chromatographic (TLC) p l a t e s (20 cm x 5 cm) 
were coated with 0.25 mm layer of s i l i c a gel G. The mixture 
of petroleum e the r -d ie thy l e the r - ace t i c acid was used as develop-
ing solvent . The spot were v isua l ized by charring a t 110* a f t e r 
spraying with 20% aquous so lu t ion of perchlor ic ac id . The 
column chromatography was c a r r i e d ' o u t with s i l i c a ge t G 
(60-120 mesh) using 25-30 gm per gm of mater ial to be separated. 
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Elut ion was usual ly effected with petroleum ether with increase 
proport ion of d ie thyl e the r . Petroleum ether re fer to a f rac t ion 
of b . p . 40-60C, Anhydrous sodium sul fa te (rfepSO,) was used as 
drying agent . 
Isolat ion of Ricinoleic acid (12-hydroxy-ciS"9-octadecenoic acid 
Freshly ext rac ted Ricinus communis seed o i l was saponified 
with a lcohol ic KOH. After the removal of unsaponifiable mat ter . 
The soap solut ion was decomposed with 10% HCl. The mixed fa t ty 
ac ids were pa r t i t ioned according to Guns tones p a r t i t i o n 
35 procedure between l i g h t petroleum and 80% aqueous methanol. The 
hydroxy acid present in each, mathanolic layer was col lec ted and 
most of the methanol was removed under reduced pressure . The 
residue was taken up in d ie thyl e ther and dried over sodium 
sulphate . Evaporation of the solvent gave 99% pure 12-hydroxy-
cis_-9-octadecenoic ac id . 
IR (neat , cm"'')» 3400 (-COOH), 1720 (COOH), 
H''-NMR ( C C 1 ^ , 5 ) , 5.32 (HC=CH), 4 .50 , m (-CH-OH) disappeared on 
D2O shake, 3 .55, m (-CH-OH), 2 . 2 , br s (chain-CP^) , 
Preparation of 9t12"dioxooctadecanolc acid; 
'zfi •z'7 
Oxymercuration - Jone's oxidation *"^  of (I) 
To a so lu t ion of acetone (80 ml) , water (2 ml) , mercuric 
ace ta t e (4g), and r i c i n o l e i c acid ( I , 6gm) were s t i r r e d a t bath 
temperature (5O-6OC) for 4 h r s . To t h i s mixture Jone's reagent 
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(60 ml, 0 . 6 M) was added over 4 h r s , while the ba th temperature 
was mainta ined a t 30-35C. The dark green-brown s o l u t i o n was 
k e p t s t i r r e d f o r 2 h r s . Then the r e a c t i o n c o n t e n t was poured 
i n t o cold water and e x t r a c t e d with d i e t h y l e t h e r and d r i e d over 
NapSO-. Evapora t ion of d i e t h y l e t h e r gave a se ra i - so l id p roduc t 
( I I ) which on c r y s t a l l i z a t i o n from petroleum e t h e r - a c e t o n e (80:20) 
gave white c r y s t a l s of ( I I ) , melted a t 94-95C. 
A n a l y s i s : Found, C, 69 .13 , H, 10.33 for C^8^32^4 
c a l c u l a t e d ; C, 69 .19, 'H,10.32%,IR (KBr cm ' ' ' ) : 1700 (COOH) 
1692 ( > C = 0 ) , H''-mR (CDCl^ fS ) , 2 . 6 7 , s (OC-CH2—CH2-CO) 
2 . 3 , m (-Co» " C . , and -Cp methylene p r o t o n s ) . 
Reaction of 9 t12-d ioxooc tadecano ic a c i d with acetamide 
To an equimolar amounts of 9 ,12-d ioxooc tadecanoic ( I I ) 
a c i d (3 .12 g, 0 .01 M) and acetamide (0 .59 g, 0,01 M) in 50 ml 
benzene were r e f luxed f o r 6 h r s i n the presence of c a t a l y t i c 
amount of p-TSA. The r e a c t i o n was monitored by t . l . c , s o l v e n t 
was evaporated and the p roduc t was e x t r a c t e d with d ich ioromethane , 
washed with water and d r i e d over sodium s u l p h a t e . The p roduc t 
( I I I ) on s i l i c a ge l column chromatography us ing petroleum e t h e r : 
d i e t h y l e t h e r ( 85 :15 , v / v ) gave o i l y compound ( I I I ) (2,345 g, 70%). 
IR ( n e a t , cm"'') : 3IOO weak, 1635 (CH, p y r r o l e r i n g ) , 
1720 (COOH), 1680 (NCO-CH3) 
UV (Methanol, nm): 206 
44 
H' ' -NMR(CDC1^, b ) : 9 . 8 5 , b r , s (H, -COOH), 5 . 8 4 , s 
H H 
(2H, ( ^ ) , 2 . 7 0 , m (4H, 2XCH20Cto-
r i n g ) , 2 . 5 5 , s (3H, CH3CO) 
2 . 3 5 , m (2H, CH2 COO"), 1,26, b r , 
s (18H, - ( 0 ^ 2 ) 2 ) ^^^ 0 . 9 5 , d i s t , t 
(3H, -CH3) 
Mass : m/z 335 (Nr ) , 293 , 292, 263 , 222, 206, 164, 
135, 60, 4 3 . 
Reaction of 9»12-'dioxooctadeanoic ac id with benzamide; 
9,12-d ioxooc tadecanoic a c i d (3 .12 g, 0,01 M) on r e a c t i o n 
with benzamide (1.21 g, 0,01 M) i n benzene a s d e t a i l e d above 
i n presence of c a t a l y t i c amount of p-TSA gave o i l y p roduc t ( I V ) . 
The r e a c t i o n mixture was worked-up i n the s i m i l a r manner and 
r e s i d u e was chromatographed over s i l i c a g e l . The e l u t i o n with 
petroleum e t h e r ; d i e t h y l e t h e r (82 :12 , v /v ) y i e lded compound (IV) 
(2 .58 g , 65%) 
IR ( n e a t , cm"'') : 3200 (COOH), 3100 weak, 
1535 (C-H, p y r r o l e r i n g ) , 1720 (COOH) 
1675 ( N C O - ^ ^ ) , 1607 and 790 
(mono-subs t i tu ted benzene) 
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UV (Methanol, nm) 
H' ' -NMR(CDC13I 0 ) 
Mass 
: 235 
: 7.5A, m, cen t r ed (5H, \ / ) ) 
5 . 7 8 , s (2H, Q ) 
2.45 and 2 . 2 2 , br m ( 6 H , o c to r i n g methylene 
and to -COOH) 
1 .3 , br s (CHp-chain methylene and 
0 . 9 5 , d i s t , t (3H, -CH^) 
: m/z 397 (M"^), 293 , 292, 268 , 267, 222, 
197, 165, 164, 105. 
Reac t ion of 9 ,12-d loxooctadecaholc a c i d wi thure thane : 
The r e a c t i o n was c a r r i e d ou t under s i m i l a r c o n d i t i o n a s 
d e s c r i b e d above , by r e f l u x i n g compound ( I I ) (3 .12 g, 0.01 M) 
and ure thane (0 .89 g , 0,01 M) i n benzene (50 ml) and p-TSA 
f o r 6 h r s . The r e a c t i o n mixture was worked-up a s usua l and 
chromatographed over s i l i c a g e l . E lu ted with petroleum e t h e r : 
d i e t h y l e t h e r ( 8 5 : 1 5 , v / v ) a f forded brown o i l y p roduc t (V) 
( 2 . 6 g , 7096) 
~1 IR (neat, cm ) 3200 (COOH), 3100 weak, 1535 (pyrrole 
ring) 1740 (0C0-C2F^ ), 1715 (-CO-OH) 
UV (Methanol, nm) : 222 
4G 
H ' ' - N M R ( C D C 1 , , 0 0 : 8 . 8 3 , br (1H, COOH), 5 .78 s h a r p , s 
H H . 
> w (2H, ) 
Mass 
A . 3 , q (J= 4HZ, 2H, OCH2 CH^) 
2 , 6 3 , m (4H,oc to methylene) 
2 . 2 , m (2H, CligCOO), 1 .23 , br s 
(18H, (CH2)g » '^•'^Q (merged in part with 
chain CH2» CH^) and 0.85, dist, t OUfCh^) 
: m/z, 365 (M^), 364, 307, 295, 294, 250, 
237, 2364 221, 191, 179, I65, I63. 
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